Rural households are micro-organizational systems that are composed of different family members. Against a background of fragmented land patterns and massive labor migration in China, it is of great significance for the sustainable development of regional economies to explore the optimal selection of livelihood strategies by rural households. Using a survey containing data from 8031 rural households from 27 provinces in China, this study analyzed the characteristics and spatial distribution trends of the land management scale, family life cycle, and livelihood strategy selection of rural households, and constructed Tobit econometric models to explore the correlations among these factors. The results show: (1) Rural households' land management scale was primarily small-scale and, as it expanded, the proportion of the total cash income coming from agricultural activities increased. A relative majority of rural households were in the middle period of the family life cycle, and relatively few rural households were in the starting and empty nest periods. The proportion of the total cash income of rural households coming from agricultural pursuits while in the stable and the empty nest periods was relatively large, reaching 40.51% and 38.92%, respectively. In most provinces sampled, rural households' livelihood strategies were non-agriculturally based, and the land management scale was mainly less than 0.67 ha. (2) Rural households' land management scale positively correlated with their livelihood strategy selection. When other conditions remained unchanged, with every 1 ha increase in land management scale, the proportion of agricultural cash income in total family cash income increased, on average, by 3.7%. In comparison with rural households in the empty nest period, the proportions of agricultural cash income in the total family cash income of rural households in other family life cycles were relatively small. Specifically, for rural households in the starting, rearing, burden, stable, and maintenance periods, the proportion of agricultural cash income in the total family cash income decreased, on average, by 6.8%, 6.7%, 9.2%, 3.5%, and 16.3%, respectively.
Introduction
Since the beginning of the economic reform and opening-up process in China, many rural laborers have moved away to work, motivated by economic interests. This has resulted in profound changes in the family income composition and land-use patterns of rural households, as well as the differentiation
Data and Methods

Data Source
The data used in the present study were obtained mainly from the China Labor-Force Dynamics Survey (CLDS), which was implemented throughout China from 2014 by the Center for Social Science Survey of Sun Yat-sen University. The survey focused on urban and rural labor migration and its effects, including labor mobility, land-use change, and sustainability of livelihood for rural households. The survey adopts a multi-stage, multi-level probability sampling method to obtain large sample data that is nationally representative. For a detailed introduction to the dataset, see http://css.sysu.edu.cn. Because this study only focuses on the correlation among land management scale, family life cycle, and the livelihood strategy selection of rural households, we have only selected rural households sampled from rural communities. After the basic screening of the data, samples from 8031 rural households in 27 provinces were obtained for subsequent analysis. See Appendix A for the sample distribution of each sample province.
Methods
Selection and Definition of Model Variables
The objective of the present study was to explore the correlations among land management scale, family life cycle, and the livelihood strategy selection of rural households. Household livelihood strategy selection is the dependent variable of the study. Scholars often refer to the division standard of the rural fixed observation point office of the Ministry of Agriculture, it was measured by the proportion of agricultural cash income in the total family cash income. It is reasonable to divide a continuous variable into a multi-category variable, but some information will be lost. To better reflect the actual situation of rural households' livelihood strategies, this study measured it by using the proportion of agricultural cash income in total household cash income. The land management scale and family life cycle of rural households were the core independent variables. Land management scale refers to the land that has been transferred to households after deducting the land that has been transferred out and adding the land that has been transferred in. Family life cycle reflects the changing dynamics of family circulation from formation to disintegration. Different studies have different approaches to the measurement of the family life cycle [10] . The international common practice is to divide the family life course into six stages: formation, expansion, stability, contraction, empty nest, and disintegration. These stages are characterized by seven events, namely the first marriage, birth of the first child, birth of the last child, leaving home of the first child, leaving home of the last child, death of one spouse, and death of the other (e.g., [32, 33, [45] [46] [47] ). However, the reality of rural China is different from that of other countries worldwide [10, 48] . In rural China, the establishment of a new family does not begin with marriage, but begins with financial separation. For example, when children reach the age of marriage, they are usually not financially independent and their marriage is usually handled by their parents. After marriage, they live together with their parents for a (long or short) period rather than live independently. Only when they are financially independent and live alone will it mean the formation and establishment of a new family. For another example, when a couple in a family loses the ability to work due to old age, their original family may face disintegration. Many elderly people, especially elderly persons with no family, choose to live with a married child and gradually integrate into the family dominated by the child. On the basis of a realistic background of rural China, according to the combination of family members and the age of children, the present study established the rural family life cycle model (Table 1) . 
Family Life Cycle Stages Characteristics of the Family Population
Starting period Young couples and no children.
Rearing period
Children or grandchildren are born, and the youngest children or grandchildren are under 16 years old, while there are elderly individuals aged 65 or older.
Burden period
Children or grandchildren are born, and the youngest children or grandchildren are under 16 years old, while there are no elderly individuals aged 65 or older.
Stable period
Children or grandchildren have reached the age of 16, and there are no elderly individuals aged 65 or older.
Maintenance period Children or grandchildren have reached the age of 16, and there are elderly individuals aged 65 or older.
Empty nest period Only one or two elderly people live in the family, and the household head is over 65 years old.
In addition, to reduce the impact of missing important variables on model estimation results, consistent with the research of [49] [50] [51] [52] [53] [54] [55] , the present study also added several variables that affect the livelihood strategy selection as control variables, which included human capital (e.g., the age and education level of the household head), physical capital (e.g., present value of fixed assets and agricultural assets), financial capital (e.g., whether rural households buy funds, stocks and bonds), social capital (e.g., annual gift expenditure), regional topography, and other information ( Table 2) . 
Family life cycle stages Characteristics of the family population
Rearing period
Burden period
Stable period
In addition, to reduce the impact of missing important variables on model estimation results, consistent with the research of [49] [50] [51] [52] [53] [54] [55] , the present study also added several variables that affect the livelihood strategy selection as control variables, which included human capital (e.g., the age and education level of the household head), physical capital (e.g., present value of fixed assets and agricultural assets), financial capital (e.g., whether rural households buy funds, stocks and bonds), social capital (e.g., annual gift expenditure), regional topography, and other information ( Table 2 ). 
Theoretical Analysis
The theory of sustainable livelihoods and the new economics of labor migration (NELM) argue that rural households are rational and would rationally allocate livelihood assets and optimize livelihood strategies in accordance with the family situation and market environment [7] . However, from the perspective of the maximization of the benefits of rural households (i.e., income composition), the factors that affect rural households' realization of the optimal combination of family livelihood capital and the optimal selection of livelihood strategies are closely related to the family life cycle. First, the rational allocation of family labor resources (i.e., the proportion of family laborers engaging in agricultural production, the proportion of family laborers engaging in part-time employment and the proportion of family laborers conducting non-agricultural migration) can have an influence on a family's agricultural income and wage income, and can be affected by the current period of the family life cycle. For example, for families in the burden period, to take better care of the elderly and children, laborers usually choose to work nearby or not to go out to work; whereas, for families in the starting period, laborers can migrate far from home to maximize wage income. Second, as an important characteristic indicator of natural capital, the land management scale can have an effect on the family's agricultural income and can also be influenced by the period of the family life cycle. The scale of land management of rural households depends on the area of the land allocated to families by the household contract system; conversely, it depends on land transfer. However, land transfer is also affected by the family life cycle. Generally speaking, for families with minor children and elderly members, the average household land management scale is relatively large; therefore, the land needs to be transferred in. In contrast, in families without minor children or elderly members, more laborers migrate (go out to work), and the average household land management scale is relatively small; therefore, the land needs to be transferred out.
On the basis of the above analysis, under the guidance of the theory of sustainable livelihoods and NELM, the present study used large sample survey data from rural China. It constructed Tobit econometric models to explore the correlations between the family life cycle or land management scale and livelihood strategy selection of rural households to provide a basis for the formulation of policies relating to the rational allocation of livelihood assets and the optimization of livelihood strategies.
Estimation Strategy
Rural households' livelihood strategy selection, the dependent variable of this study, is measured by the proportion of agricultural cash income in the total family cash income, and this variable is a continuous variable between 0 and 1. On the basis of the characteristics of the variable, this study uses Tobit econometric models to estimate the models. At the same time, considering that the core independent variable of the model may be an endogenous variable, the IV-Tobit model was used for a robustness test. The formula is described according to IV-Tobit settings. The estimated equation is as follows:
Among them, y 1i is the observable explained variable (rural household's livelihood strategy), y * 1i is the unobservable latent variable, and y 2i is the endogenous explanatory variable in the model (rural household's land management scale). Assuming that the perturbation term (µ i , v i ) is subject to a two-dimensional normal distribution with an expected value of 0 and is independent of x i and z i , the parameters of the model can then be estimated by MLE estimation. Stata 13.0 is adopted in the implementation process of the whole model. Table 2 shows definitions of model variables and descriptive statistical analyses. The average proportion of rural households' agricultural cash income in the total family cash income was 33.69%, and the average land management scale was 0.38 ha, whereas the proportions of the sample rural households in the five periods of the family life cycle were relatively uniform. In the control variables, regarding human capital, the average age of household heads was 53.81 years, and 12% of household heads had high school level education or above, on average. In terms of social capital, 18% of rural households contained Party members and the average annual monetary gift expenditure was 5540.65 Yuan. For physical capital, the present values of the agricultural assets and other valuable fixed assets were 800 Yuan and 43,200 Yuan, respectively; regarding social capital, in the past two years, 7% and 8% of the sample rural households borrowed money from formal financial institutions and from relatives and friends, respectively. The average distance between the rural household's place of residence and the nearest township center was 7.12 km. Table 3 shows the livelihood strategies of rural households with different land scales and their differences. The land management scale of rural households was primarily small-scale, with widespread small-scale agricultural production. Among the 8031 rural households sampled, 3545 (or 44.14%) had a land management scale of 0-0.20 ha, 1827 (or 22.75%) had a land management scale of 0.21-0.34 ha, and 229 (or 2.85%) had a land management scale of 1.35 ha or more. With the continuous expansion of the land management scale, the proportion of agricultural cash income in the total family income in the livelihood strategies increased. For instance, the average proportion of agricultural cash income in the total family cash income of rural households with a land management scale of 0.21-0.34 ha was 26.12%, whereas the average proportion of agricultural cash income in the total family cash income of rural households with a land management scale of 1.35 ha or more was 61.81%. Table 4 shows the livelihood strategies of rural households in different family life cycles and their differences. There were relatively more rural households in the middle period of the family life cycle and relatively few rural households in the starting and empty nest periods. Specifically, among the 8031 rural households sampled, there were 855, 492, and 2395 in the starting period, empty nest period, and rearing period, which account for 10.65%, 6.13%, and 29.83% of the total sample, respectively. In terms of livelihood strategies of rural households in different life cycles, the proportions of agricultural cash income in the total family cash income in the stable and empty nest periods were relatively large, reaching 40.51% and 38.92%, respectively, whereas the proportion in the maintenance period was only 23.83%. Figure 1 shows the spatial distribution of the livelihood strategy selection of rural households. If agricultural cash income, accounting for 50% of the total family income, was taken as the dividing line between agriculturally-based and non-agriculturally-based livelihood strategies, the predominant livelihood strategies of rural households in most sample provinces (cities) were classified as non-agriculturally-based livelihood strategies. The sample provinces of Xinjiang, Heilongjiang, Jilin, Liaoning, Shandong, Shaanxi, Shanxi, and Guangxi had predominantly agriculturally-based livelihood strategies, and the proportion of agricultural cash income in the total family cash income was more than 50%. However, in other provinces, the livelihood strategies were non-agriculturally-based and the proportion of agricultural cash income in the total family cash income did not exceed 50%. Figure 1 shows the spatial distribution of the livelihood strategy selection of rural households. If agricultural cash income, accounting for 50% of the total family income, was taken as the dividing line between agriculturally-based and non-agriculturally-based livelihood strategies, the predominant livelihood strategies of rural households in most sample provinces (cities) were classified as non-agriculturally-based livelihood strategies. The sample provinces of Xinjiang, Heilongjiang, Jilin, Liaoning, Shandong, Shaanxi, Shanxi, and Guangxi had predominantly agriculturally-based livelihood strategies, and the proportion of agricultural cash income in the total family cash income was more than 50%. However, in other provinces, the livelihood strategies were non-agriculturally-based and the proportion of agricultural cash income in the total family cash income did not exceed 50%. Figure 2 shows the spatial distribution of land management scale of rural households. In a small number of provinces (cities), this scale was relatively large (more than 0.67 ha); whereas in most sample provinces (cities), this scale was less than 0.67 ha. The land management scale of rural households in Heilongjiang was the largest (with an average of more than 1.35 ha), and the land management scale of rural households in Xinjiang and Inner Mongolia was also relatively large (with an average of 0.68-1.34 ha). However, the land management scale of rural households in Fujian and Guangdong was the smallest (with an average of less than 0.20 ha). Figure 2 shows the spatial distribution of land management scale of rural households. In a small number of provinces (cities), this scale was relatively large (more than 0.67 ha); whereas in most sample provinces (cities), this scale was less than 0.67 ha. The land management scale of rural households in Heilongjiang was the largest (with an average of more than 1.35 ha), and the land management scale of rural households in Xinjiang and Inner Mongolia was also relatively large (with an average of 0.68-1.34 ha). However, the land management scale of rural households in Fujian and Guangdong was the smallest (with an average of less than 0.20 ha). Table 5 shows the regression results for the land management scale, family life cycle, and livelihood strategy selection. Model 1 only included the core independent variables (land management scale and family life cycle), Model 2 also included the control variables, and Model 3 reported the marginal effect of each independent variable on the dependent variable. From the overall significance test results (F value), the three models were all significant at the level of 0.01, indicating that at least one independent variable was significantly correlated with the dependent variable. The analysis of the overall model results was based on Model 3.
Results
Descriptive Statistical Analysis
Spatial Distribution Analysis Results
Spatial Distribution of Livelihood Strategy Selection of Rural Households
Spatial Distribution of Land Management Scale of Rural Households
Multivariable Results
As shown in Table 5 , the land management scale of rural households was positively correlated with their livelihood strategy selection, and if the land management scale were larger, the proportion of agricultural cash income in the total family cash income would be larger. To be specific, when other conditions remain unchanged, with every 1 ha increase in rural households' land management scale, the proportion of agricultural cash income in the total family cash income increased, on average, by 3.7%. In terms of the correlations between family life cycle and rural households' livelihood strategy selection, in comparison with rural households in the empty nest period, the proportion of agricultural cash income in the total family cash income of rural households in other family life cycles was relatively small. Specifically, for rural households in the starting period, rearing period, burden period, stable period, and maintenance period, the proportion of agricultural cash income in the total family cash income decreased, on average, by 6.8%, 6.7%, 9.2%, 3.5%, and 16.3%, respectively.
With regard to the correlations between the control variables and rural households' livelihood strategy selection, there was a positive, inverted U-shaped correlation between the age of the household head and the livelihood strategy selection. The education level of the household heads was negatively related to the livelihood strategy selection. In terms of financial capital, the proportion of total family cash income derived from the agricultural activity for rural households who purchased funds, stocks, and bonds was relatively smaller than that for households who had not purchased funds, stocks, or bonds. Regarding physical capital, the present value of the Table 5 shows the regression results for the land management scale, family life cycle, and livelihood strategy selection. Model 1 only included the core independent variables (land management scale and family life cycle), Model 2 also included the control variables, and Model 3 reported the marginal effect of each independent variable on the dependent variable. From the overall significance test results (F value), the three models were all significant at the level of 0.01, indicating that at least one independent variable was significantly correlated with the dependent variable. The analysis of the overall model results was based on Model 3.
As shown in Table 5 , the land management scale of rural households was positively correlated with their livelihood strategy selection, and if the land management scale were larger, the proportion of agricultural cash income in the total family cash income would be larger. To be specific, when other conditions remain unchanged, with every 1 ha increase in rural households' land management scale, the proportion of agricultural cash income in the total family cash income increased, on average, by 3.7%. In terms of the correlations between family life cycle and rural households' livelihood strategy selection, in comparison with rural households in the empty nest period, the proportion of agricultural cash income in the total family cash income of rural households in other family life cycles was relatively small. Specifically, for rural households in the starting period, rearing period, burden period, stable period, and maintenance period, the proportion of agricultural cash income in the total family cash income decreased, on average, by 6.8%, 6.7%, 9.2%, 3.5%, and 16.3%, respectively. With regard to the correlations between the control variables and rural households' livelihood strategy selection, there was a positive, inverted U-shaped correlation between the age of the household head and the livelihood strategy selection. The education level of the household heads was negatively related to the livelihood strategy selection. In terms of financial capital, the proportion of total family cash income derived from the agricultural activity for rural households who purchased funds, stocks, and bonds was relatively smaller than that for households who had not purchased funds, stocks, or bonds. Regarding physical capital, the present value of the agricultural assets of rural households was noticeably positively correlated with the livelihood strategy selection, whereas the present value of other valuable fixed assets was remarkably negatively related to the livelihood strategy selection. Concerning social capital, the proportion of agricultural cash income in the total family cash income of rural households who borrowed money through formal financial channels (i.e., banks) and informal financial channels (i.e., relatives and friends) was relatively large. Regarding location, the distance between rural households' home and the township center was significantly positively correlated with the livelihood strategy selection and, if the distance was longer, the proportion of agricultural cash income in the total family cash income of rural households was larger. In terms of topography, when compared with rural households in plain villages, the proportion of agricultural cash income in terms of total family cash income of rural households in hilly villages and mountainous villages was relatively small.
Robustness Test
To further test the robustness of the correlations between core independent variables and dependent variable, the present study adopted the following two robustness test strategies. First, a grouping regression was conducted. Specifically, rural households were divided into two groups based on the mode of land management scale, with one group at less than or equal to 0.15 ha, and the other group at more than 0.15 ha (the average land management area of rural households was approximately 0.15 ha). Second, the possible endogenous problem of core independent variables was considered and the estimation method of instrumental variables was adopted. Specifically, the present study considered that there might be a causal relationship between the land management scale and livelihood strategy selection. In other words, the land management scale could have an impact on the livelihood strategy selection of rural households, and, in turn, the livelihood strategy selection could influence their land management scale. On the basis of this possibility, the present study used type IV Tobit models to re-estimate the models. The selection of the instrumental variables was based on the methodology described by [6, 8, 16, 17, 56, 57] , and the average land management scale of other rural households in the same village (other than this rural household) was taken as the land management scale of this rural household to obtain the instrumental variables.
As shown in Table 6 , no matter which robustness test strategy was adopted, the correlations between the land management area or family life cycle and livelihood strategy selection were almost consistent with Table 5 , the only differences being in the coefficients. Therefore, the results from this study are robust and credible. 
Discussion
On the basis of a large sample size survey of data from 27 provinces in China, from the perspective of rural households' family life cycle, combined with spatial GIS (Geographic Information System) analysis, the present study constructed Tobit models to explore the correlations between land management scale or family life cycle and livelihood strategy selection of rural households. The research perspective is novel and the spatial analysis of GIS has its own characteristics. The research results were more in line with the reality of rural China and have strong practical significance. The present study effectively dealt with the endogenous problem caused by the two-way causality between land management scale (the core independent variable) and livelihood strategy selection, and found that the results remained robust.
Rural households' livelihood strategy selection and the driving factors in this selection have always been a research hotspot in geography, management, economics, and other disciplines. There are similarities and differences between the results of the present study and the findings of similar studies. For instance, in line with the findings from [29, 51, 52, 58] , the present study found that the land management scale of rural households had a strong positive correlation with their livelihood strategy selection, which is consistent with logic and common sense. If the land management scale is larger, then the proportion of agricultural income in the total family income will be larger, and the family livelihood strategies will be more inclined to be agricultural-based. At the same time, the results of the present study were different from the findings of [58] , who found that, for every one period of improvement in the family life cycle of rural households, the proportion of the total income originating from agricultural activity increased by 0.14. The present study also found that the livelihood strategy selection was closely related to the periods of the family life cycle; however, the degree of influence on their livelihood strategies was different for different periods of the family life cycle. For example, this study found that, in comparison with rural households in empty nest period, for rural households in the starting period, rearing period, burden period, stable period, and maintenance period, the proportions of agricultural cash income in the total family cash income decreased, on average, by 6.8%, 6.7%, 9.2%, 3.5%, and 16.3%, respectively. Additionally, similar to most existing studies, this study also found a significant correlation between rural household's livelihood capital and their livelihood strategies. For example, this study found that the education level of the household heads was markedly negatively related to the livelihood strategy selection; the proportion of total family cash income derived from the agricultural activity for rural households who purchased funds, stocks, and bonds was relatively smaller than that for households who had not purchased funds, stocks, or bonds.
With the development of a social economy, China's rural areas are facing unprecedented challenges. The two most significant challenges are a massive loss of rural labor force and the fragmentation of land management scale. However, China's rural areas are also facing unprecedented opportunities, especially after China put forward the "Rural Revitalization Strategy" in 2017. The present study discussed the livelihood strategy selection of rural households from the perspectives of family life cycle and moderate land management scale, which has important implications for the rational allocation of rural households' livelihood assets and the optimization and adjustment of their livelihood strategies, which is especially important in developing countries.
The present study has presented some new ideas; however, there are still deficiencies. For instance, in reality, the periods of the family life cycle change dynamically, whereas the present study only focused on the correlation between the family life cycle and livelihood strategy selection at a certain time. According to general logic, a family life cycle will not change over a short period, but will over a long period; therefore, future studies could use the panel data to quantitatively reveal the influence of changes in the family life cycle on the livelihood strategy selection of rural households.
Conclusions
On the basis of the above descriptive statistical analysis and regression analysis, the main conclusions of the present study are as follows:
(1) Rural households' land management scale was primarily small-scale and, as it expanded, the proportion of the total cash income coming from agricultural activities increased. Of the 8031 rural households studied, 3545 rural households had a land management scale of 0-0.20 ha, which accounted for 44.14% (the largest) of the total sample; a relative majority of rural households were in the middle period of the family life cycle, and relatively few rural households were in the starting and empty nest periods. The proportion of the total cash income of rural households coming from agricultural pursuits while in the stable and the empty nest periods was relatively large, reaching 40.51% and 38.92%, respectively. In most provinces sampled, rural households' livelihood strategies were non-agriculturally based, and the land management scale was mainly less than 0.67 ha.
(2) Rural households' land management scale positively correlated with their livelihood strategy selection. When other conditions remained unchanged, with every 1 ha increase in land management scale, the proportion of agricultural cash income in the total family cash income increased, on average, by 3.7%. In comparison with rural households in the empty nest period, the proportion of agricultural cash income in total family cash income of rural households in other family life cycles was relatively small. Specifically, for rural households in the starting, rearing, burden, stable, and maintenance periods, the proportion of agricultural cash income in the total family cash income decreased, on average, by 6.8%, 6.7%, 9.2%, 3.5%, and 16.3%, respectively.
In addition to their theoretical significance, the results of the present study have definite policy implications. For instance, the land management scale of rural households has a strong positive correlation with their livelihood strategy selection, i.e., if the land management scale is larger, their livelihood strategies will be more inclined to be related to agriculture. Thus, the government should further standardize the land transfer market and relevant rules, promote the appropriate allocation of rural land resources, especially in hilly areas, to professional households or new business entities, and improve the overall welfare level of families through moderate land scale management. At the same time, the family life cycle was significantly related to the livelihood strategy selection. If a rural household's family life cycle was more advanced, their livelihood strategy selection was more inclined to be agriculturally-based. Therefore, the government should consider providing different support policies in accordance with the periods of the family life cycle of rural households. For example, for rural households in the starting period, the government could provide vocational skills training to help them better adapt to the labor market; whereas, for rural households in the empty nest period, the government could pay more attention to their health problems (both physical and mental), and help them solve the difficult problems of agricultural production as well as increase their agricultural income and meet their basic needs.
